
PATENT APPLICATION 
Attorney's Do. No. 9898-176 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 




In re patent application of: Dong-woo LEE and Ja-Il KOO 

Serial No. 09/898,699 Examiner: Not Yet Assigned 

Filed: July 2, 200 1 Group Art Unit: Not Yet Assigned 

For: MEMORY DEVICE HAVING DEPTH COMPARE-WRITE 

FUNCTION AND METHOD FOR DEPTH COMPARE-WRITE USED 
BY THE MEMORY DEVICE 

TRANSMITTAL LETTER 

BOX MISSING PARTS 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Enclosed for filing in the above-referenced application are the following: 

Copy of Notice to File Missing Parts 
M Copy of Petition Under 37 CFR § 1 .47(b) 
1>3 Combined Declaration and Power of Attorney 

Filing Fee 

Surcharge for Late Filing of Fee or Oath or Declaration 

□ $65 - Small Entity $130 -Large Entity 

PTO Form 2038 authorizing credit card payment for the above-listed fees is 

enclosed. 

fc3 Any deficiency or overpayment should be charged or credited to deposit 
account number 13-1703. A duplicate copy of this sheet is enclosed. 
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PATENT TRADEMARK OFFICE 



Very truly yours, 



RECEIVED 

OCT 3 1 2001 
OFFICE OF PETITIONS 



MARGER JOHNSON & MCCOLLOM, PC 



Gregory Y. Kavounas 
Reg. Number 37,862 



1030 SW Morrison Street 
Portland, OR 97205 
503-222-3613 



I hereby certify that this correspondence 
- being deposited with the United 
States Postal Service as first class mail 
in an envelope addressed to: Asst 
Comm. of Patents, Washington D.C. 



9,2001 ^ 





IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Attorney's Docket No. 9898-176 



# 



In re patent application of: Dong-woo LEE and Ja-Il KOO 



Serial No. 09/898,699 



Examiner: Not Assigned 



Filed: July 2, 2001 



Group Art Unit: 2816 



For: MEMORY DEVICE HAVING DEPTH COMPARE- WRITE FUNCTION AND 

METHOD FOR DEPTH COMPARE-WRITE USED BY THE MEMORY DEVICE 

Box Missing Parts 

Assistant Commissioner for Patents 

Washington, D.C. 20231 



The Applicant is due to respond to a Notice to File Missing Parts. (A copy is 
enclosed.) One of the Missing Parts is the enclosed Declaration document. It has been 
deemed defective, because it has been signed by one, but not the second named inventor. 

The second inventor cannot be found. The Applicant has therefore petitioned the 
Commissioner (copy attached) to: 

* accept the enclosed Declaration document for the above captioned case, and 

* permit prosecution for the above captioned case to proceed, as if the enclosed 
Declaration document had been signed by also by the second inventor. 

The late filing fee of $130 under 37 C.F.R. §1.1 6(e) is also enclosed. Any deficiency 
or overpayment should be charged or credited to deposit account No. 13-1703. 
If there are any questions, please call the undersigned. 



LETTER 



Respectfully submitted, 



MARGER JOHNSON & McCOLLOM, P.C. 




Reg. No. 37,862 



MARGER JOHNSON & McCOLLOM, P.C. 
1030 SW Morrison Street 
Portland, OR 97205 
(503)222-3613 
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Attorney's Docket No. 9898-176 



♦ 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of: Dong-woo LEE and Ja-Il KOO 



Serial No. 09/898,699 



Examiner: Not Assigned 



Filed: July 2, 2001 



Group Art Unit: 2816 



For: MEMORY DEVICE HAVING DEPTH COMPARE-WRITE FUNCTION AND 

METHOD FOR DEPTH COMPARE-WRITE USED BY THE MEMORY DEVICE 

Office of Petitions 

Assistant Commissioner for Patents 

Washington, D.C 20231 



The Applicant is due to respond to a Notice to File Missing Parts. (A copy of the 
Notice is enclosed as Exhibit A.) 

The enclosed Declaration document (copy attached as Exhibit B) is one of the 
Missing Parts. It has been deemed defective, because it has not been signed by one of the 
two inventors (the other inventor has signed). 

Petition is hereby respectfully made to the Commissioner on behalf of the Applicant 

to: 

* accept the enclosed Declaration document for the above captioned case, and 

* permit prosecution for the above captioned case to proceed, as if the enclosed 
Declaration document had been signed also by the second inventor. 

This action by the Commissioner is necessary to preserve the patent rights of the 
assignee, Samsung Electronics Co. 

This missing inventor has been diligently searched for, but can not be found. 
Enclosed is an Affidavit (Exhibit C) by US Patent Attorney Gregory T. Kavounas, 
accompanied with other documents (Exhibit D) evidencing efforts to locate the missin^^ 
inventor. Last known addresses of both inventors are shown in the Affidavit. 



PETITION UNDER 37 C.F.R. § 1.47(b) 



OCT 3 1 2001 



Page 1 of 2 - PETITION UNDER 37 C.F.R. § 1.47(b) 



OFFICE OF PETITIONS 



The petition fee of $130 under 37 C.F.R. §1.17(i) is also enclosed. Any deficiency or 
overpayment should be charged or credited to deposit account No. 13-1703. 

If there are any questions, please call the undersigned. 

Respectfully submitted, 

MARGER JOHNSON & McCOLLOM, P.C. 




Reg. No. 37,862 

MARGER JOHNSON & McCOLLOM, P.C. 
1030 SW Morrison Street 
Portland, OR 97205 
(503) 222-3613 

RECEIVED 

OCT 3 1 2001 
OFFICE OF PETITIONS 
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Commissioner for Patents 
United States Patent and "Trademark Office 

WASHINGTON, D.C. 20231 

www.uspto.gov 



| FILING/RECEIPT DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET NUMBER | 



APPLICATION NUMBER 

09/898,699 



07/02/2001 



Dong-woo Lee 



9898-176 



CONFIRMATION NO. 2435 
FORMALITIES LETTER 



MARGER JOHNSON & McCOLLOM, P.O. 
1030 SW Morrison Street 
Portland, OR 97205 



•OC000000006458366* 



Date Mailed: 08/22/2001 



NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 
Filing Date Granted 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The statutory basic filing fee is missing. 

Applicant must submit J 710 to complete the basic filing fee and/or file a small entity statement claiming 
such status (37 CFR 1.27). 

• The oath or declaration is unsigned. 

• To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of 
$130 for a non-small entity, must be submitted with the missing items identified in this letter. 

• The balance due by applicant is $ 840. 



A copy of this notice MUST be returned with the reply. 



Customer Service Center 
Initial Patent Examination Division (703) 308-1202 

PART 2 - COPY TO BE RETURNED WITH RESPONSE 



10/17/2001 CCHAU1 00000073 131703 09898699 

01 FCslOl 740.00 OP 

02 FC:105 30.00 CH 100.00 OP 




PATENT APPLICATION 
Attorney Docket No. 9898-176 

COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that 

My residence, post office address and citizenship are as stated below next to my name 

mmmmmm 

^^^^^^^^^^^ 

,as y *° Mm / orsi S^ P rio "ly benefits under Title 35, United States Code Se C no ™_ 

^ or §36500 of any foreign applications) for patent or inventor's «S^2fi^.w^ 

the application on ^S^^T^ aPPhCatl ° n ^ * *** ** ° f 

Prior Foreign Applications) 



00-37769 



(Number) 



Republic of Korea 
(Country) 



July 2000 



(Day/Month/Year Filed) 



Claiming 
Priority? 

El □ 
Yes No 



r7' n Tltle 37 ' 9°^ °f Federal Regulations, Sec. 1.56 which occurred between the filino 
Jgjof the pnor apphcanon and the national or PCT international filing daJ ISS^SSL 

I hereby appoint the following attorneys to prosecute the application, to file a 



RECEIVED 

OCT 1 6 2001 
OFFICE OF PETITIONS 
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paiznt trademark: omcx 



Attorney Name 

Jerome S. Marger 

Alexander C Johnson, Jr. 

Alan T. McCollom 

James G. Stewart 

Glenn C. Brown 

Stephen S. Ford 

Julie L. Reed 
Gregory T. Kavounas 
Scott A. Schaffer 
Joseph S. Makuch 
James E. Harris 
Graoiela G. Cowger 
Ariel Rogson 
Craig R. Rogers 



Registration Mn 

26,480 

29,396 

28,881 

32,496 

34,555 

35,139 

35^49 

37,862 

38,610 

39,286 

40,013 

42,444 

43,054 

43,888 



and send all 



Direct all telephone calls to Gregory T. Kavounas at (503) 222-3613 
correspondence to: 

MARGER JOHNSON & MoCOLLOM P C 
1030 S.W. Morrison Street ' ' * 

Portland Oregon 97205 

allsMeie^ 

statements were made ^XZl^t^Zu^ff , **** ** »*" 

punishable by fine or imnn^^^S^ ^ Statements ** d 1*» so made are 

^deandthaLuoh wS Srs^eme^ ^ Sec j? on of Title 18 of the United States 
patent issued thereon Statements »«yj«>Pardize the validity of the application or any 



Full name of sole or first inventor: Dong-woo LEE 
Inventor's signature: 

Residence: Kyungki-do, Republic of Korea 

Citizenship: Republic of Korea 

Post Office address: 



(Pate) 



106-902, Hyundae Apt, Namsuwon, Annyung-ri 
Taean-eub, Hwasung-kun, Kyungki-do, Republic of Korea 



2 



Full name of second joint inventor: Ja-il KOO 
Inventor's signature: 

(Date) 

Residence: Seoul, Republic of Korea 

Citizenship: Republio of Korea 

Post Office address: 1-1 104, Samhwan Apt, Garak-dong, Songpa-gu 
Seoul, Republic of Korea 
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\ ^ Attorney's Docket No. 9898-176 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re patent application of: Dong-woo LEE and Ja-Il KOO 

Serial No. 09/898,699 Examiner: Not Assigned 

Filed: July 2, 2001 Group Art Unit: 2816 

For: MEMORY DEVICE HAVING DEPTH COMPARE- WRITE FUNCTION AND 

METHOD FOR DEPTH COMPARE-WRITE USED BY THE MEMORY DEVICE 

Office of Petitions 

Assistant Commissioner for Patents 

Washington, D.C. 20231 RECEIVED 

AFFIDAVIT OCT 1 6 2001 

IN SUPPORT OF OFFICE OF PETITIONS 

PETITION MADE UNDER 37 C.F.R. § 1.47(b) 



By my signature at the end of this document, I hereby affirm the following: 



1. My name is Gregory T. Kavounas; I am a patent attorney registered to practice in 
front of the United States Patent and Trademark Office ("PTO"); my PTO registration 
number is 37, 862; I work for the law firm of Marger, Johnson and McCollom ("MJM"). 

2. I and other attorneys from MJM are authorized to act in front of the PTO for patent 
matters on behalf of Samsung Electronics Co. ("Samsung"), a Korean company. 



3. On July 2, 2001, one of the authorized attorneys of my law firm filed the above 
captioned patent application with the PTO on behalf of Samsung. 

4. Samsung has a proprietary interest in the above captioned patent application. In 
particular, Samsung claims full ownership of all patent rights resulting from the patent 
application. 
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5. Samsung* s claim of ownership is based on the fact that the patent application 
describes an invention made by two employees ("inventors") of Samsung, while in the 
employ of Samsung. 

6. The two inventors are a) Mr. Dong-woo LEE and b) Mr. Ja-Il KOO. 

7. The first one of the two inventors was available, and signed a Declaration Form, and 
an Assignment form. The last known address of this signing inventor is: 

Mr. Dong- woo LEE 
106-902, Huyndae Apt, 
Namsuwon, Annyung-ri, 
Taean-eub, Hwasung-kun, 
Kuyngi-do 
Republic of Korea 

8. The second one of the two inventors, namely Mr. Ja-Il KOO, has left the employ of 
Samsung, and can not be found. He has been unavailable for signing the Declaration Form. 
The last known address of this missing (nonsigning) inventor is: 

Mr. Ja-Il Koo 
1-1104, Samhwan Apt., 
Garak-dong, Songpa-gu, 
Seoul, 

Republic of Korea 

9. A Korean patent law firm named Y.P. Lee & Associates ("Y.P. Lee") sometimes acts 
as intermediary between MJM and Samsung. 

10. MJM has received from Y.P. Lee a packet ("Exhibit D") documenting Samsung's 
search for the missing inventor. 

11. Exhibit D includes a cover letter (mailed July 19, 2001) to Ms. Christina Lawton of 
MJM. While not an attorney, Ms. Lawton is erroneously addressed as "Esq.". 



Page 2 of 3 -AFFIDAVIT IN SUPPORT OF PETITION UNDER 37 CF.R. § 1.47(b) - EXHIBIT C 





12. The cover letter documents Samsung's search for the missing inventor, which is the 
remainder of the Exhibit D. 

13. I believe Exhibit B to be genuine. 

14. I believe that Samsung's search for the missing inventor has been more than diligent 
under the circumstances, as documented by Exhibit D. 

15. Being hereby warned that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under 18 U.S.C. 1001, and that such willful false statements 
may jeopardize the validity of the application or any resulting patent; I hereby declare and 
affirm that and all statements made of my own knowledge are true, and all statements made 
on information and belief are believed to be true. 



MARGER JOHNSON & McCOLLOM, P.C. 
1030 SW Morrison Street 
Portland, OR 97205 
(503)222-3613 
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Respectfully submitted, 



MARGER JOHNSON & McCOLLOM, P.C. 





In re patent application of: Dong-woo LEE and Ja-Il KOO 



Serial No. 09/898,699 Examiner: Not Yet Assigned 

Filed: July 2, 200 1 Group Art Unit: Not Yet Assigned 

For: MEMORY DEVICE HAVING DEPTH COMPARE-WRITE 

FUNCTION AND METHOD FOR DEPTH COMPARE-WRITE USED 
BY THE MEMORY DEVICE 

TRANSMITTAL LETTER 

BOX DAC 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Enclosed for filing in the above-referenced application are the following: 

Petition Under 37 CFR § 1 .47(b) 
1^1 Exhibit A - Copy of Notice to File Missing Parts 
£3 Exhibit B - Combined Declaration and Power of Attorney 
£3 Exhibit C - Affidavit in Support of Petition Made Under 37 CFR § 1 .47(b) 
1^1 Exhibit D - Correspondence packet 
£3 Petition fee 

E<3 PTO Form 2038 authorizing payment in the amount of $130 
1^1 Any deficiency or overpayment should be charged or credited to deposit 
account number 13-1703. A duplicate copy of this sheet is enclosed. 



i 
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PATENT TRADEMARK OFFICE 



RECEIVED 

OCT 1 6 2001 
OFFICE OF PETITIONS 



Very truly yours, 



MARGER JOHNSON & MCCOLLOM, PC 




Kavounas 
Reg. Number 37,862 



1030 SW Morrison Street 
Portland, OR 97205 
503-222-3613 



I hereby certify that this correspondence 
being deposited with the United 
States Postal Service as first class mail 
in an envelope addressed to: Asst 
Comm. of Patents, Washington D.C. 
202} 

'\ober9, 2001 




Representative 
Patent Attorney 

YOUNG-PIL LEE * 

Trademarks & 
Litigation 

HOWARD JEAN 1,w 
HENG-SUP JIN l} 
HAK-OAE KIM '> 
JORDAN YONGSIK KIM 
NAM-JUNG HEO * 
EUN-KYUNG AHN * 
HEE-WON SEO * 
JAE-HEUNG YOO 

Biotechnology & 
Pharmaceutics 

SUK-HEUM KWON * 
SANQ-BIN JEONG * 
MOON-SUP LEE * 
MIN-JEONG UU * 

* Korean Patent Bar 

11 Korean Bar 

4 New York State Bar 



JONG-CHEOL HYUN * 
EUN-HEE JOO * 

Chemistry & 
Material 
KIL-SU KO * 
TAE-HYONG KIM * 
OHYEON HAHN 
GO.-JA KWON 
t JUNG-SUN KIM 
YWOO PARK 
BO-HEE CHAI 
BUM-TAK HAN 
YOUNG-KI MIN 



Mechanics 
LEO LEE* 
UN-SUK KOO 
JEONG-KEUN 
HEUI-YOUNG 
HYUN-TAE CI 
JI7YOUNG SE< 



P. LEE & ASSOCIAT 

PATENTS • TRADEMARKS • COPYRIGHTS 

THE CHEONGHWA BUILDING 
1571-18 SEOCHO-DONG, SEOCHO-GU 
SEOUL, REPUBUC OF KOREA 137-874 

TEL: (82) (2) 588-8585 
FAX: (82) (2) 588-8586 
588-8547/8 



E-mail: lplaw@yplee.co.kr 
Website: http://www.yplee.co.kr 




19 July 2001 



Mechanics (Cont) 
HUN-CHUL PARK 
MtN-HO CHO 
GANG-JEN KM 
HYOUNG-SUK KO 
CHANG-GO. JOO 
SANG-TAE PARK 
SANG-HYUN PARK 
SU-KON EOU 
GEUG-JAE JEONG 
GONG-SOOK SOHN 
MtN-HA JANG 
SEONG-YONQ LEE 

Electronics 

HEI-JEONG WON * 
HEUNG-SOO CHOI * 
HAE-YOUNG LEE * 
YU-Rl KIM * 
JAE-SEOK YOON * 
JAE-HO SHIN * 
YEON-HEE KIM * 



HO-KEUN LEE * 
BO-KYUNQ PARK * 
JAE-SEUNG YOON * 
SO-HAK LEE * 
CHAN-HONG JANG 
SANG-HEE KIM 
YOUNG-HO SHIN 
KUY-HYUN KIM 
WAN-HO KIM 
JOONG-KEUN MOON 
TAE-DONG KIM 
SEOK-JtN HWANG 
DAE-WOONG KIM 
DONG-SUNG PARK 
OH-JOONKWON 
HYUN-JUNG KIM 
WANG- PIL KIM 
BUM-SIK PARK 
IN-SUK LEE 
JEE-HEE HAN 
JAE-HOON SHIN 
SEAN BAXENDELL 
DAVID FL COOK 
MAE YEE 



CONFIRMATION 



Christina Borgens Lawton, Esq. 
Marger, Johnson & McCollom, P.C. 
1030 S.W. Morrison St. 
Portland, Oregon 97205-2626 
U.S.A. 



VIA FAX & COURIER 

(2 pages via fax) 



Your Ref. 
Our Ref. 
S.E.C. Ref. 



9898-176 

SS-14849-US 

00-37769 



JUL 2 3 2001 



MARGER JOHNSON 
Re: U.S. Patent Application corresponding to 
Korean Patent Application No. 00-37769 
Samsung Electronics Co., Ltd. 



(Semiconductor Business) 

RECEIVED 

OCT 1 6 2001 



Dear Ms. Lawton: 



OFFICE OF PETITIONS 



This is further to our letter 29 June 2001 instruction you file the application without the 
Declaration and Assignment. Enclosed are materials proving that Mr. Ja-Il Koo, the non-signing 
inventor, could not be found in spite of Samsung's diligent efforts. 

Eun-Joung Uhm, a member of Samsung In- House Patent Team, sent by certified mail 
and contents-certified mail a copy of the Specification, Claims, Declaration and Assignment 
to the last known address of the non-signing inventor, Mr. Ja-Il Koo, along with a letter 
requesting that he review the Application and sign and return the formal documents and 
Application. However, the formal documents were returned because Mr. Ja-Il Koo could not 
be found at that address. 



Also, Eun-Joung Uhm sent an e-mail via "SINGLE", which is the internal network of 
Samsung, to Young-Woo Nam, a manager of the personnel Department in Samsung 
Electronics Co., Ltd., and Dong-Woo Lee, the joint inventor. However, in their replies to 
Eun-Joung Uhm's e-mail letter, both of the above people stated that Mr. Koo's whereabouts 
is unknown. 



Also, Eun-Joung Uhm performed a Phone search on the Yahoo internet web site to try 
and locate Mr. Koo's whereabouts, but her efforts proved to be unsuccessful. Further, she 
searched for possible variations of the name " Ja-H Koo" and contacted " Ja KOO" living in San 



EXHIBIT 0 



• m 

Y.P. Lee & Associates 

Marger, Johnson & McCollom, P.C. 
19 July 2001 
Page 2 

in San Jose by phone because most employees who have stopped working for Samsung are 
known to live in San Jose. However Uhm's efforts have proved to be unsuccessful. 

Although Samsung has tried to contact him to obtain his signature in many ways, 
their efforts have proved to be unsuccessful. 

Please provide us with information as to how we should proceed as well as the 
necessary documents. We look forward to hearing from you soon 

We appreciate your cooperation in this case. 

Sincerely yours, 



Y.P. LEE & ASSOCIATES 




JSY/jas 

Enclosures: 1. Copy of certified mail and contents-certified mail envelope to Mr. Koo and 
English translation thereof, (via courier only) 

2. Copy of letter requesting that Mr. Koo review the Application and sign 
and return the formal documents and Application and English translation 
thereof, (via courier only) 

3. Copy of e-mail letter sent to manager of personnel Department in Samsung 
Electronics Co. , Ltd. and joint inventor and English translation thereof. (via 
courier only) 

4. Copy of replies from manager of personnel Department in Samsung 
Electronics Co. , Ltd. and joint inventor and English translation thereof, (via 
courier only) 

5. Copy of results of phone search on Yahoo. (via courier only) 

6. Copy of certification of working career Mr. Ja-Il Koo and English 
translation thereof, (via courier only) 



Y.P. Lee & Associates 



Marger, Johnson & McCollom, P.C. 
19 July 2001 
Page 2 

in San Jose by phone because most employees who have stopped working for Samsung are 
known to live in San Jose. However Uhm's efforts have proved to be unsuccessful. 

Although Samsung has tried to contact him to obtain his signature in many ways, 
their efforts have proved to be unsuccessful. 

Please provide us with information as to how we should proceed as well as the 
necessary documents. We look forward to hearing from you soon 

We appreciate your cooperation in this case. 



JSY/jas 

Enclosures: 1 . Copy of certified mail and contents-certified mail envelope to Mr. Koo and 
English translation thereof, (via courier only) 



2. Copy of letter requesting that Mr. Koo review the Application and sign 
and return the formal documents and Application and English translation 
thereof, (via courier only) 

3. Copy of e-mail letter sent to manager of personnel Department in Samsung 
Electronics Co., Ltd. and joint inventor and English translation thereof, (via 
courier only) 

4. Copy of replies from manager of personnel Department in Samsung 
Electronics Co., Ltd. and joint inventor and English translation thereof, (via 
courier only) 

5. Copy of results of phone search on Yahoo. (via courier only) 

6. Copy of certification of working career Mr. Ja-Il Koo and English 
translation thereof, (via courier only) 



Sincerely yours, 



Y.P. LEE & ASSOCIATES 




For the Firm 



[Material 1] 3 f *P 

From: 

Samsung Electronics Co., Ltd. 

Kyungki-do Yongin-city Kihung-eup Nongsuri San 24 bunji 
Post Box: Suwon Post Office 37 ho 
Tel: (Seoul) 760-71 14 (info) 

(Suwon) 209-71 14 (info) 
449-711 

Samsung In-House Patent team, Eun-Joung Uhm 



To: 

Seoul Songpa-ku Karak-dong 176 bunji 
Samhwan Apt 1-dong 1104-ho 
Ja-Il Koo 
138-745 



Enclosures: English translated specification, Assignment, and Declaration 



Mailing fee calculation 

Amount: Original copy 24 pages 

Sending means: special delivery mail fee (2,500) 

2,500+11,500+1,100 

=1 5, 1 00 (Contents-certified mail fee) 

2,500+900+140 

=3,540 (certified Mail fee) 

Total=18,640 



Post Office Stamp 



Returned on 27 June 2001 due to the recipient not living at the address 

stamped by the mailman, Lee Soo Kil, an employee of the Seoul Song-pa Post Office. 



[Material 2] 



Sender: 

Kyungki-do Yongin-city Kihung-eup San 24 bunji 

Samsung Electronics Co., Ltd., Samsung In-House Patent Team 

Eun-Joung Uhm 



Recipient: 

Seoul Songpa-ku Karak-dong 176 bunji 
Samhwan Apt 1-dong 1 104-ho 
Ja-Il Koo 



Enclosures: English translated specification, Assignment, and Declaration 

Kyungki-do Yongin-city Kihung-eup San 24 bunji 
Samsung Electronics Co., Ltd. 
Representative director of board and Vice president 
Jong-Yong Yoon (seal) 

* If this letter is received by one other than the recipient, please return this letter to Samsung 
Electronics Co., Ltd. 

It is certified that this mail was sent as a contents-certified mail on 26 June 2001 by the number 
052266. 

Postmaster of Shin-gal Post Office (stamp) 



[Material 3] 



To: Ja-Il Koo 
Hello? Mr. Ja-Il Koo 

I am Eun-J.oung Uhm, a member of Samsung In-House Patent Team, We have tried to contact 
you many times but have not been successful. Thus, we inform you of the following. 

Please return "English specification, Assignment and Declaration" sent on 25 June 2001 by 5 July. 

"If we do not here [hear] from you to the contrary within two weeks of [from] the mailing date 
of this letter, we will interpret your sience [silence] as a refusal to sign the declaration or 
otherwise join in the application." 

Then, we would like you to return the document as soon as possible. We wish you good luck. 
25 June 2001 



member of Samsung In-House Patent Team 
Eun-Joung Uhm (Signature) 



[Material 4] 



No. 01GB-0051422 

Certification of Working Career 

Department: Product Planning Team 
Position: Manager 
Name: a-Il Koo 

Citizenship Registration No.: 591212-1000911 

Present address: Seoul Songpa-ku Karak-dong 176 bunji Samhwan Apt 1-dong 1 104-ho 
Working period: from 1 Sep. 1999 to 30 Sep. 2000 (one year and one month) 
Place of submission: U. S. Patent and Trademark Office 
Purpose: submission 

The undersigned certifies the above facts. 
21 June 2001 

Kyungki-do Yongin-city Kihung-eup San 24 bunji 
Samsung Electronics Co., Ltd. 
Representative director of board and Vice president 
Jong-Yong Yoon (seal) 

confirmed by Yeon-Sung Kim (sign) Chief of the department and Assistant manager (contact 
031-209-4128) 



*fl 01GB-0051422 S. 



•3 ^ ^ ^ *1 
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591212 -1000911 




^^.s.igAl 7]-^ 176 ^ 


l-^rapt 1^ 1104J1 




1999 *d 09 ^ 01 ^ ^ 

2000 \i 09 € 30 ^ ?M (1 >d 1 7fl-l) 






-§- 5L 





^-71 a>^^ ^^^qq-. 



2001 \4 06 € 21 U 




(o]a>^-a| 031 209 4128 



[Material 5] 



Re: Inventor's signature 

Created by Eun-Joung Uhm Gl(a member of the Samsung Electronics Co., Ltd. )/application 
group (semiconductor)/Samsung Electronics Co., Ltd(June-26 2001 10:07:53) 

Printed by Eun-Joung Uhm Gl(a member of the Samsung Electronics Co., Ltd.)/application 
group (semiconductor)/Samsung Electronics Co., Ltd(June-26 2001 10:10:21) 

Hello? I am Eun-Joung Uhm of Samsung In-House Patent Team. 

I am looking for a contact point of a retired inventor to obtain a signature needed for filing an 
application in the U.S. If you know the contact point of Mr Ja-Il Koo who was a member of your 
department an quit the company on the end of September last year, please let me know. (Please 
reply by SINGLE.) 

* Please reply if you do not know it. 

Recipients: 

manager of the personnel Department Samsung Electronics Co., Ltd.: Young- Woo Nam 
Inventor's department: Dong-Woo Lee 



[Material 6] 

Re: Reply to the inventor's signature 

Created by Young-Woo Nam G4(deputy)/ the department of personnel(Memory)/Samsung 
Electronics Co., Ltd (June-26 2001 10:46:33) 

Printed by Eun-Joung Uhm Gl(a member of the Samsung Electronics Co., Ltd. )/application 
group (semiconductor)/Samsung Electronics Co., Ltd(June-26 2001 10:46:51) . 

The only thing I know is the number of his mobile phone I gave you last time. 

(Tel: 01 1-91 16-267 tried on 4 July many times but not contacted) Eun-Joung Uhm (sign) 
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Re: Reply to inventor's signature 

Created by Dong-Woo Lee E5 (joint inventor) / Product Planning Team / Samsung Electronics 
Co., Ltd. (June-27 2001 09:17:13) 

Printed by Eun-Joung Uhm Gl(a member of the Samsung ) / application group (semiconductor) 
/ Samsung Electronics Co., Ltd.(June-27 2001 09:17:13) 

I've heard that he is now in the U.S. But I do not have details in this regard. 
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PATENT APPLICATION 
Attorney Docket No. 9898-176 

COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed hel 
ongmal, first and joint inventor (if plural names are listed belovA ofJT^wISi^T' 

Prior Foreign Application^) 
00-37769 



(Number) 



Republic of Korea 
(Country) 



July 2000 



(Day/Month/Year Filed) 



Claiming 
Priority? 

iei □ 

Yes No 



st*t~ 1 hCrCby i 1 ^ 1 * bcnefit UIlder TiUe 35 > United State * Code, Sec. 1 19(e) of anv United 
States provisional application listed below: NONE W ny Umted 

I hereby claim the benefit under Title 35, United States Code Sec 120 or mmm ^ 

^ZTSfU ' Federal R5 8 utooiu ' Sec - 15 « whi°h occurred between the films 

d^eof the pnor apphcat.cn and the national or PCT international filing date of th^apphcSn: 

™~ 1 f PP ° int tHe fo,Iowin 8 attorneys to prosecute the application, to file a 



i 
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20575 

PATENT TRADEMARK OFFICE 

Attorney Name Registration Mo 

Jerome S. Marger 26 480 

Alexander C. Johnson, Jr. 29^396 

Alan T. MoCollom 28 881 

James G. Stewart 32*496 

Glenn C. Brown 34*555 

Stephen S. Ford 35139 

Julie L. Reed 35 ^ 49 

Gregory T. Kavounas 37 352 

Scott A. SohafFer 38 610 

Joseph S. Makuch 39^286 

James E. Harris 40 013 

Graciela G. Cowger 42,444 

Ariel Rogson 43 q 54 

Craig R. Rogers 43^ 

Direct all telephone calls to Gregory T. Kavounas at (503) 222-3613 and send all 
correspondence to: 

MARGER JOHNSON & MoCOLLOM. P C 
1030 S.W. Morrison Street ' ' ' 

Portland, Oregon 97205 

Sterne* we™ *> b. tn»; «I firth, fl* ^ 

Full name of sole or first inventor: Dong-woo LEE 
Inventor's signature: I^N^U- 

Residence: Kyungki-do, Republic of Korea Cfr 

Citizenship: Republic of Korea 0 <o ,S 

Post Office address: i 06 -902, Hyundae Apt, Namsuwon, Annyung-rf 

Taean-eub, Hwasung-kun, Kyungki-do, Republic of Korea 



2 



Full name of second joint inventor: Ja-ilKOO 
Inventor's signature: ' 

(Date) 

Residence: Seoul, Republic of Korea 

Citizenship: Republio of Korea 

Post Office address: 1-1 104, Samhwan Apt, Garak-dong, Songpa-gu 
Seoul, Republic of Korea 
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Subject: 9898-30: Revised Claims a|^)wed 
Message: 



y 



PATENT APPLICATION 
AttVs Do. No. 9898-176 

ASSIGNMENT 

U.S. A Patent Application 
Sole or Joint 
For Inventions Made Outside U.S. A 
Executed With Application 

In consideration of the sum of Ten Dollars ( 1 0.00) and other good and valuable considerations 
paid to each of the undersigned, to wit: 

(1) Dong-woo LEE 

(2) Ja-fl KOO 

CD X if continued on separate page 

the receipt and sufficiency of which are hereby acknowledged by the undersigned who hereby 
sell(s), assign(s) and transfers) unto: 

SAMSUNG ELECTRONICS CO., LTD. 
416 MAETAN-DONG, PALDAL-KU 
SUWON-CITY, KYUNGKI-DO 
REPUBLIC OF KOREA 

(hereinafter designated "ASSIGNEE") the entire right, title and interest for the United States Of 
America as defined in 35 U.S.C. §1.00, in and to the invention known as: 

MEMORY DEVICE HAVING DEPTH COMPARE-WRITE FUNCTION AND 
METHOD FOR DEPTH COMPARE-WRITE USED BY THE MEMORY DEVICE 

for which an application for Letters Patent of the United States of America has been executed 
even date herewith by the undersigned, and in and to any and all divisionals, continuations, 
substitutes, and reissues thereof, and all resulting patents and the undersigned hereby authorizes 
and requests the United States Assistant Commissioner of Patents to issue said Letters Patent to 
the said ASSIGNEE, for its interest as ASSIGNEE, its successors, assigns and legal 
representatives; the undersigned agrees that the attorneys of record in said application shall 
hereafter act on behalf of said ASSIGNEE; 

And the undersigned hereby agrees to testify and execute any papers for ASSIGNEE, its 
successors, assigns and legal representatives, deemed essential by ASSIGNEE to ASSIGNEES 
full protection and title in and to the invention hereby transferred. 



Please sign 

concurrently 

with Oath or Declaration 



and Power of Attorney 



SIGNED ON THE DATES INDICATED BESIDE OUR SIGNATURES : 



Jail KOO 



FOR ADDITIONAL INVENTORS, "X" BOX □ AND CONTINUE ON SEC- 2.005 

PLEASE RETURN RECORDED ASSIGNMENT TO: 

Alan T. McCollom 
Marger Johnson & McCollom 
1030 S.W. Morrison Street 
Portland, OR 97205 



INVENTORS) 



DATF, STGNPn 



WITNFSSF.n 




' "~\RGER JOHNSON & McCOLLC 

PROFESSIONAL CORPORATION 

PATBvTT. TRADEMARK AND COPYRIGHT LAW, 
TECHNOLOGY LICENSING & LITIGATION 



# 



JuneS, 2001 



VIA FACSIMILE 
011-822-58&-8586 

Mr. Young-pil Lee 
Y.P. Lee & Associates 
The Cheongjhwa Building 
1571-18 Seocho-dong, Seocho-gu 
Seoul Rep. of Korea 137-073 




1030 S.W. MORRISON ST. 
PORTLAND, OR USA 
97205-2626 
(503)222-3613 
FAX (503) 274-4622 

Internet: c hrl stina@te ch! aw jcom 



Re: United States Patent Application 

MEMORY DEVICE HAVING DEPTH COMPARE-WRITE 
FUNCTION AND METHOD FOR DEPTH COMPARE-WRIT E 
USED BY THE MEMORY DEVICE 

Korean Priority Document No.: 00-37769, filed July 3, 2000 
Your Ref. No. SS-14849-US 
Our Docket No.: 9898-176 

Dear Mr. Lee: 

Thank you for your facsimile of May 3 1, 200 1 . We have made your requested 
changes to the application and attach a revised draft to this fax. Additionally, we 
attach the required forms for the inventor's review and signature. 

Please provide us your approval for filing this application, along with the 
executed forms, prior to the July 3, 2001 filing deadline. 

As always, please contact us if you have any questions. 



Very truly yours, 

MARGER JOHNSON & McCOLLOM, P.C. 



A/... Christina Borgens Lawton 
Christina Borgens Lawton 



:clb 




MEMORY DEVICE HAVING DEPTH COMPARE- WRITE FUNCTION AND 
METHOD FOR DEPTH COMPARE-WRITE USED BY THE MEMORY DEVICE 

This application claims priority from Korean Priority Document No. 00-37769, filed 
5 on July 3, 2000 with the Korean Industrial Property Office, which document is hereby- 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Inv ention 

10 The present invention relates to memory devices, and more particularly, to memory 

devices having a Z-buffering function and method for depth compare-write used by the 
memory devices. 

Description of the Related Art 

15 In two-dimensional (2-D) graphics, an object on a display screen is represented by 

coordinates X, Y and color. When an existing object is replaced with a new object on a 
display screen, a color value is recorded at a position of a memory corresponding to 
coordinates X, Y of each pixel forming the new object, and then the color value is scanned on 
the display screen. By "object" it is meant a graphics object. The object may be called 

20 "new" from the graphics processing, even though it may be the same screen object perceived 
by the user. 

In three-dimensional (3-D) graphics, Z-values represent a pixel's distance from the 
viewer. Typically, small Z values indicate that an object is close to the viewer, whereas large 
Z values indicate that the object is far away. In other words, Z-coordinate information 
,25 determines depth data of an object on a display screen, thus allowing the user to recognize the 
depth of the obj ect. 

Devices that use 3-D graphics employ 3-D functions, which include Z-bufFering, a- 
blending, and texture mapping. Such functions are computation intensive, and thus require a 
wide bandwidth. In particular, in Z-bufFering, in order to perform 3-D graphic applications 
30 such as a 3-D game, Z-coordinate information should be added to X- and Y-coordinate^ \ 
information in a 2-D graphic. This serial operation is called Z-bufFering. > 

In such functions, an existing object may be replaced by a new object on a display 
screen. It may be the same object, but with a new appearance, as would be mandated by the 
updated Z-coordinates. 
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Thus, when replacing an existing object with a new object on a display screen, firstly 
spatial coordinate values (also called Z values or depth data) of pixels are compared which 
map the existing object, against those which map the new object Then, if the latter is less 
than the former, the former is updated with the latter. 
5 Z-buffering is performed by comparing the Z-values of incoming color data with the 

Z-values of pre-existing color data. If the incoming color data is closer (Le., it has a smaller 
Z value), the pre-existing color data is replaced with the incoming color data. Otherwise, the 
incoming color data is discarded. 

In the prior art, this function is performed by the memory controllers. Such a memory 

10 controller reads the spatial coordinate values of the pixels of the existing object from a 
memory device, and compares them with the spatial coordinate values of the pixels of the 
new object. If there is any modification in the spatial coordinate values of the existing object, 
then the memory controller writes the spatial coordinate values of the new object to the 
memory device. This operation is called read-modify-write (hereinafter referred to as 

15 "RMW"). 

FIG. 1 is a timing diagram for explaining RMW of a conventional memory device. 
Referring to FIG. 1, if a memory read command RD is input on the rising edge of a clock 
cycle 3 after an activate command ACT is input from a memory controller, internal depth 
data Dout stored in a memory cell selected by the read command RD is read by the memory 

20 controller through data input/output (I/O) pins DQ. 

The memory controller compares spatial coordinate values Dout of an existing object 
with input spatial coordinate values Din of a new object, at intervals "a". As can be seen from 
Fig. I, interval "a" is two cycles long. If the input spatial coordinate values (hereinafter 
referred to as "external depth data") Din of the new object are smaller than the spatial 

25 coordinate values (hereinafter referred to as "internal depth data") Dout of the existing object. 
It means that the object is now closer. The memory controller then prepares for writing the 
external depth data Din to a memory cell array of the memory device by replacing the 

internal data. If there is a write command WR, then the external depth data Din standing-by ?\i \ 

T / 

in the data I/O pins DQ is written to the selected memory cell array of the memory device, in ? 
30 response to the write command WR. 2 . ^ 

As can be seen in Fig. 1, for performing one RMW operation on spatial coordinate 
values, at least ten clock cycles are required from the point when the activate command ACT 
is input, until the point when a precharge command PRE may be input This is because a 
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logic for comparing coordinate values of depth data is included in a memory controller, and a 
depth compare function is performed by the memory controller of the prior art 

Accordingly, the conventional memory device has a problem in that memory bus 
performance is degraded. The time taken for performing an RMW operation on spatial 
5 coordinate values is delayed, which degrades performance of the graphics functions. 



To solve the above problems, it is a first objective of the present invention to provide 
a memory device which can shorten the time taken for modifying and writing spatial 
10 coordinate values, so as to improve the performance of a memory bus performing graphics. 

It is a second objective to provide a method of processing depth data in a memory 
device for reducing the time needed to modify and write spatial coordinate values to improve 
graphics performance, as well as improving the performance of a memory bus. 



15 device including a memory cell array, and a data modifying circuit for comparing external 

depth data of a new object received from the memory controller with internal depth data of an 
existing object. The internal depth data is stored in the memory cell arraj'. The comparison 
is done between the data having representing coordinates of the new object and of the 
existing object. The internal depth data is replaced by the external depth data depending on 

20 the result of this comparison. 

To achieve the second objective, the present invention provides a method of 
processing depth data of an object in a memory device controlled by a memory controller. 
The method includes the steps of: receiving external depth data of a new object from the 
memory controller, storing the received external depth data, comparing the stored external 

25 depth data with corresponding internal depth data stored in the memory device, and storing 
the external depth data with which the internal depth data is replaced depending on the result 
of the comparison in the step. A status signal may be outputted to the memory controller, 
indicating that the internal depth data has been modified. 



SUMMARY OF THE INVENTION 



Accordingly, to achieve the first objective, the present invention provides a memory 



30 



The above objectives and advantages of the present invention will become more 
apparent by describing in detail a preferred embodiment thereof with reference to the 
attached drawings in which: 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a timing diagram for explaining a read-modify- write (RMW) operation of a 
memory device in the prior art; 

FIG. 2 illustrates a memory system including a memory device having a depth 
compare function according to an embodiment of the present invention; 

FIG. 3 illustrates a detailed circuit for the memory device of FIG. 2; 

FIG. 4 is a timing diagram illustrating a compare-read function according to an 
embodiment of the present invention; and 

FIG. 5 is a flowchart for illustrating a method of comparing and reading depth data of 
an object in a memory device controlled by a memory controller according to an embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 2, a memory system includes a memory device 22 according to the 
present invention, and is controlled by a memory controller 21. A monitor is not shown. 

Furthermore, FIG. 2 shows a flow of a command signal CMD, which is generated by 
the memory controller 21, and is transmitted to the memory device 22. Other signals are also 
sent through control pins DCO and DC1 and a data I/O pin DQ. The memory controller 21 
also generates an address, which selects a specific memory cell of the memory device 22. 

Furthermore, the memory controller 2 1 generates and transmits to memory device 22 
a first control signal CS1 and a second control signal CS2 through the control pins DCO and 
DC1, respectively. Control signals CS1 and CS2 may be active or non-active (implemented 
by choosing high and low levels). The memory controller 21 also prepares for writing 
external depth data through the data I/O pin DQ. 

The memory device 22 is controlled by the memory controller 21. The monitor 
displays an object having depth data modified by the memory device 22. The memory 
controller 2 1 provides an interface for performing various controlling tasks of the monitor 
and of the memory device 22. 

The memory device 22 generates and sends to the memory controller 21a first status 
signal SSI and a second status signal SS2. If the first and second status signals SSI and SS2 
are in an active state (also called "HIT"), the memory controller 21 determines that internal 
depth data has been replaced by the external depth data. On the other hand, if the first and 
second status signals SSI and SS2 are in an inactive state (also called "MISS"), th e memory 
controller 21 determines that internal depth data is maintained. 
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In a preferred embodiment of the invention, the control signals CS 1, CS2, travel 
through the same conductors as the status signals SSI, SS2, even though they travel in 
opposite directions. For example, status signal SS 1 may be transmitted through first control 
pin DCO, and status signal SS2 may be transmitted through second control pin DC1. 
5 This generates an advantageous economy in the construction of the invention. The 

economy is made possible by the fact that the control signals CS1, CS2, are generated and 
transmitted at different times than the status signals SSI, SS2, as will become clear from Fig. 
4 later in this document 

Referring to FIG. 3, a detailed circuit of the memory device 22 of FIG. 2 is shown, 

10 which is made according to an embodiment of the present invention. The memory device 22 
includes a data modifying circuit 30, a control circuit 3 1, a memory cell array 34, first and 
second control pins DCO and DC1, and a data I/O pin DQ. In particular, the data modifying 
circuit 30 further includes a register 32 and a compare circuit 33. 

The control circuit 3 1 receives external depth data of a new object through signal 

15 EDD being received from the data I/O pin DQ. Circuit 3 1 then outputs the external depth 
data EDD as either WTDC or NWT, in response to a first control signal CS 1. If the first 
control signal CS1 is in a non-active state, the external depth data N WT is output to the 
memory cell array 34 for normal writing. This bypasses the remaining structure. On the 
other hand, if the first control signal CS1 is in an active state, the external depth data WTDC 

20 is output to the register 32 for depth compare writing. 

The register 32 stores the output signal WTDC of the control circuit 31, i.e., the 
external depth data. The compare circuit 33 compares the data of the coordinates of a new 
object, which is output as RS from the register 32, with internal depth data Fcomp of the 
corresponding coordinates of an existing object, the internal depth data being stored in the 

25 memory cell array 34, in response to the second control signal CS2. If the output RS of the 
register 32, i.e., external depth data RS, is smaller than the internal depth data Fcomp, the 
compare circuit 33 outputs the external depth data RS to the memory cell array 34 in order to 
modify the internal depth data Fcomp^/According to another embodiment of the invention, if 



30 data Fcomp, the compare circuit 33 outputs the external depth data comp to the memory cell 
array 34. 

The compare circuit 33 outputs at least one status signal to the memory controller 21. 
If the internal depth data Fcomp is modified as a result of this comparison, the status signal is 



the output RS of the register 32, i.e., external depth data RS, is larger than the internal depth 



PATENT APPLICATION 



PAOE 5 ATTY. DOCKET NO. '. 9898- 1 76 





a logic "high" signal HIT1 or HIT2. But if the internal depth data Fcomp is not modified, the 
status signal is a logic *low" signal MISS1 or MISS2. 

FIG. 4 is a timing diagram when performing a compare-record function of the 
memory device 22 of FIG. 3 according to the present invention. A depth compare- write 
5 operation of the memory device 22 is now described in detail with reference to FIGS. 3 and 
4. Referring to FIGS. 3 and 4, a depth compare-write command signal WR, first and second 
control signals CS1 CS2, and external depth data Dw, all of which are generated by the 
memory controller 21, are input into corresponding pins, i.e., a command pin (not shown), the 
first and second pins DCO and DC1, and the data I/O pin DQ. This happens on the rise of the 
10 third cycle. 

The control circuit 3 1 is now described. If the first control signal CS1 is in an active 
state when the write command signal WR is in an active state, the control circuit 31 outputs 
incoming external depth data WTDC to the register 32, in order to accomplish a depth 
compare-write function. Thus, the incoming external depth data EDD and the output signal 
15 WTDC of the control circuit 3 1 are the same. However, if the first control signal CS1 is in a 
non-active state, the control circuit 3 1 outputs the incoming external depth data NWT to the 
memory cell array 34 for writing. 

Furthermore, if the first control signal CS1 is in an active state, the second control 
signal CS2 becomes important. In this case, the compare circuit 33 compares the internal 
20 depth data Fcomp within the memory cell array 34 with the output of the register 32, i.e., the 
external depth data RS. 

Control signal CS2 becomes important as follows. If CS2 is in a non-active state, the 
compare circuit 33 compares the internal depth data Fcomp with the output of the register 32 
in units of X bits, for example, 16 bits, where X is a natural number. But if the second 
25 control signal CS2 is in an active state, the comparison is in units of NX bits, for example, 32 
bits if N is 2 and X is 16 where N and X are natural numbers. 



and in another embodiment it will be the set with the largest depth values. This writing over < p '6 
30 the previous values has the effect of modifying the relevant stored values, if the different data 
has been overwritten. 

The compare circuit 33 also issues status signals SSI, SS2, for reporting to the 
controller 2 1 whether the data has been changed or not. The status signals SS 1, SS2 may be 
sent after only three (best case) or four (worst case) clock cycles lapse after issuing a depth 
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As a result of comparing, the compare circuit 33 will write to the memory cell array 
34 one of the two sets. In one embodiment it will be the set with the smallest depth values. 





compare-write command (which was performed in cycle 3). Accordingly, the whole process 
may be completed on the 6th or 7th cycle, as opposed to the 10 cycles needed by the prior art. 

If the compare circuit 33 compares in units of X bits, and if the data has been 
modified, the first status signal SSI is a logic "high" signal HIT1, indicating that the lower X 
5 bits of the internal depth data Fcomp have been modified through .the ^firstj^tipJjpinJX^O^ 
Furthermore, the second status signal SS2 is logic "high" signal HTT2, indicating that the 
upper X bits of the internal depth data Fcomp have been modified through the second control 
pin DCL 

If the compare circuit 33 compares in units of NX bits, and if the data has been 
10 modified, the first status signal SS 1 is a logic "high" signal HIT1, indicating that lower NX 
bits of the internal Fcomp have been modified. But if the depth data has not been modified, 
the first and second status signals SSI, SS2 are logic "low" signals MISS1 and MISS2, 
indicating that the internal depth data Fcomp is maintained. 

FIG. 5 is a flowchart showing a method of processing depth data of an object in the 
15 memory device 22 controlled by the memory controller 21, which starts from step 501. 
Referring also to FIGS. 2 and 3, in a step 503, the memory device 22 receives the external 
depth data EDD. 

In step 505, the memory device 22 receives a first control signal CS1, and determines 
its state. If the first control signal CS1 is in a n on-active state, then according to step 52 1, the 
20 control circuit 3 1 outputs the input external depth data EDD as data NWT to the memory cell 
array 34 within the memory device 22 for writing. But if the first control signal CS1 is in an 
active state, the control circuit 31 outputs external depth data EDD as data WTDC to the 
register 32. 

In step 507, the memory device 22 receives a second control signal CS2, and 
25 determines its state. If the second control signal CS2 is in an active state, the compare circuit 
33 compares the internal depth data Fcomp with the external depth data RS stored in the 
register 32 in units of NX bits (step 509). But if the second control signal CS2 is in an active 
state, the compare circuit 33 compares the internal depth data Fcomp with the external depth 
data RS in units of X bits (step 511). > 
30 In both instances, it is inquired whether the external depth data RS is smaller than the ^ fi£ 

internal depth data Fcomp (step 513). If yes, the internal depth data Fcomp is modified to the^ ^/ 
external depth data RS (step 515). If not, the internal depth data Fcomp is maintained (step 
517), and the external depth data RS is discarded. (In the equivalent embodiment, step 513 is 
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the opposite, inquiring instead whether the external depth data RS is larger than the internal 
depth data Fcomp.) 

According to a next step 5 19, the result of the comparison is output to the controller, 
and the process ends (step 523). The result of the comparison is expressed via status signals 
5 SS1,SS2. These can acquire values as described above. Logic "high" and "low" values may 
equivalently be chosen. 

As has been described in the foregoing, according to the conventional art, at least ten 
clock cycles are required for one read-modify-write ("RMW") operation. However, according 
to the present invention, only six (6) or seven (7) clock cycles are sufficient for performing 
10 one RMW operation, instead of the ten (10) required in the prior art . Therefore, the 
invention can improve performance by more than 30% compared with the prior art. 

While this invention has been particularly shown and described with reference to 
preferred embodiments thereof, the illustrated embodiments are only examples, and it will be 
understood by those skilled in the art that various changes in form and details may be made 
15 therein without departing from the spirit and scope of the invention as defined by the 
appended claims. 
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CLAIMS 



What is claimed is: 

1. A memory device for use with a memory controller, the memory device comprising: 
a memory cell array adapted to store internal depth data of an object; and 

a data modifying circuit distinct from the memory controller, the data modifying 
circuit being adapted to 

receive corresponding new external depth data of the object from the memory 
controller, 

compare the new external depth data with the internal depth data, and 
write the external depth data in the memory cell array over the internal depth data 
depending on the result of the comparison. 

2. The memory device of claim 1, wherein 

the data modifying circuit is further adapted to output to the memory controller a 
status signaL 

3. The memory device of claim 1, further comprising: 

a first control pin for receiving a first control signal from the memory controller; and 
a control circuit for transmitting the external depth data to the memory cell array 
thereby bypassing the data modifying circuit depending on a state of the first control signal. 

4. The memory device of claim 3, wherein 

the data modifying circuit is further adapted to output to the memory controller a 
status signal. 

5. The memory device of claim 4, wherein 

the status signal is output through the first control pin. 

6. The memory device of claim 1, wherein the data modifying circuit includes 
a register for storing the received new external depth data; and 

a compare circuit for comparing the stored new external depth data with the internal 
depth data and for writing the external depth data in the memory cell array depending on the 
result of the comparison. 
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7. The memory device of claim 6, wherein 

the compare circuit is further adapted to write the external depth data in the memory 
cell array if the external depth data is smaller than the internal depth data. 

8. The memory device of claim 6, wherein 

the compare circuit is further adapted to output a status signal to the memory 
controller. 



10 9. The memory device of claim 6, further comprising: 

a second control pin for receiving a second control signal from the memory controller, 
wherein the compare circuit compares the internal depth data with the stored external 
depth data in units of X bits when the second control signal is in a non-active state, and in 
units of NX bits when the second control signal is in an active state. 

15 

10. The memory device of claim 9, wherein 

if the second control pin is in an inactive state, the compare circuit outputs to the 
memory controller: 

a first status signal indicating that the lower X bits of the internal depth data have 
20 been modified, and 

a second status signal indicating that the upper X bits of the internal depth data have 
been modified. 

11. The memory device of claim 9, wherein 

25 if the second control pin is in a non-active state, the compare circuit outputs to the 

memory controller a status signal indicating that NX bits of the internal depth data have been 
modified. 

1^ A method of processing depth data of an object in a memory device controlled fey a^ 
30 memory controller, the method comprising the steps of: " " 

(a) receiving external depth data of the object from the memory controller; 

(b) storing the received external depth data; 

(c) receiving a first control signal from the memory controller through a first control pin 
distinct from the memory controller, 
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(d) determining a state of the first control signal; and 

(e) if the state of the first control signal is determined to be inactive, writing the external 
depth data to a memory cell array within the memory device, 

(f) elseif the state of the first control signal is determined to be active, comparing the 
stored external depth data with corresponding internal depth data stored in the memory cell 
array, and writing the external depth data over the corresponding internal depth data in the 
memory cell array depending on the result of the comparison. 

13. The method of claim 12, wherein 
step (f) further includes outputting to the memory controller a status signal indicating 

that the internal depth data has been modified. 

14. The method of claim 1 2, wherein 

writing in step (f) takes place if the comparison yields that the external depth data is 
1 5 smaller than the internal depth data. 
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15. The method of claim 12, wherein 

writing in step (f) takes place if the comparison yields that the external depth data is 
larger than the internal depth data. 



16. The method of claim 1 2, further comprising: 

(g) receiving a second control signal from the memory controller through a second 
control pin distinct from the memory controller, 

(h) determining a state of the second control signal; and 

25 (i) if the state of the^second control signal is determined to be inactive, comparing the 
internal depth data with the stored external depth data in units of X bits, 
G) elseif the state of the second control signal is determined to be active, comparing the 
internal depth data with the stored external depth data in units of NX bits. 

30 17. The method of claim 16, wherein step (i) further includes ' 

outputting to the memory controller a first status signal indicating that the lower X 
bits of the internal depth data have been modified, and 

outputting to the memory controller a second status signal indicating that the upper X 
bits of the internal depth data have been modi fied Wough the s cco iid -^entfe^^' 
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18. 



The method of claim 17, wherein 



the first status signal is output through the first control pin, and 
the second status signal is output through the second control pit 
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19. The method of claim 1 6, wherein step (j) further includes 

outputting to the memory controller a status signal indicating that the NX bits of the 
internal depth data has been modified. 

10 20. The method of claim 19, wherein 

the status signal is output through one of the first and second control pins. 
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ABSTRACT OF THE DISCLOSURE 

A memory device for performing graphics functions, and a method of processing 
depth data that is received by a memory controller. The memory device includes a memory 
cell array, and a data modifying circuit. The data modifying circuit includes a register for 
storing external depth data received from the memory controller. The data modifying circuit 
also includes a compare circuit which compares the stored external depth data with 
corresponding internal depth data stored in the memory cell array, and updates the memory 
cell array accordingly. The compare circuit also outputs status signals, thus reporting to the 
memory controller whether the data was updated or not Depending on a first control signal, 
a control circuit helps the external data be written directly to the memory, bypassingthe data 
modifying circuit. Depending on a second control signal, the comparison is in X bits or NX 
bits. 
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